To analyze the agreement between the nurses evaluating radiodermatitis that used the Radiation Therapy Oncology Group (RTOG) and the World Health Organization (WHO) scales.
Introduction
One of the most common adverse event due to external radiation therapy (RT) is radiodermatitis, also called radiation-induced skin reaction or cutaneous toxicity, affecting more than 95% of patients. [1] Such events may be associated with fatigue, body image and sleep disorders, emotional disturbances, as well as causing pain, stress, and impairment of quality of life. [2, 3] Depending on the severity, radiodermatitis may also lead to postponement of treatment or limiting the administered dose. [3, 4] During clinical practice, accurate assessments and grading of radiodermatitis are essential for monitoring and documenting. [5] Editor: Jianxun Ding. This work was supported by the Fundação de Amparo à Pesquisa do Estado de Minas Gerais (FAPEMIG), Conselho Nacional de Desenvolvimento Científico e Tecnológico (CNPq), and CAPES. The funders had no role in study design, data collection and analysis, decision to publish, or preparation of the manuscript. This study was approved by the Human Research Ethics Committee of Federal University of Uberlandia (CEP/UFU) under protocol number (1348706/15) and all participants signed a free and informed consent form.
Existing tools/scales have a structured description and classification of severity, [5] allowing healthcare professionals to identify, evaluate, and grade this adverse event in order to manage appropriately, and to promote comfort and healing. [4] Traditionally, the severity of acute radiodermatitis is evaluated and graded subjectively by the practitioner using various clinical scales, [3] such as, the Common Terminology Criteria for Adverse Events, Radiation Therapy Oncology Group (RTOG), Late Effect on Normal Tissue, Symptom Objective Measures Management Assessment, [5] and the World Health Organization (WHO) criteria. [3] Although these tools are widely used, reliability and validation of data is scarce. [2, 5] The present study proposed to bridge the lack of related studies, and to highlight the importance of using such methods in clinical practice. The focus of our study is to analyze the agreement between evaluators that use the RTOG and WHO scales. We hypothesize that the agreement of both scales will not be very satisfactory.
Methods

Ethical aspects
A prospective study was conducted in a university hospital with breast cancer (BC) patients during RT, from April 2016 to June 2017. This study was approved by the Human Research Ethics Committee (protocol number: 1348706/15) and it was based on the standards of the Helsinki Declaration. All participants signed a free and informed consent form.
Eligibility criteria
The study included photos of women over the age of 18 years; of any race or color; who were diagnosed with BC that underwent RT at Uberlandia Cancer Hospital. Those women who presented ulceration, a wound or skin tumor in the treated area, systemic lupus erythematosus history, rheumatoid arthritis, ataxia telangiectasia, and other hereditary diseases involving the skin, and women with a history of previous RT or were in the process of RT were excluded from the study.
The sample calculation was based on the Cox regression, fixed models, with an expected effect size of 0.15, an alpha level of 0.05, 93% power using the G * Power software (Department of Psychology, Germany), version 3.0 [6] and 100 women were required. Figure 1 depicts a flowchart of the selection of participants.
Measurements
Data were obtained by inspecting the active medical records of the patients and through a semi-structured interview, including questions related to sociodemographic, clinical, RT, and concomitant treatment characteristics. The RTOG and WHO scales were used to evaluate the degree of the acute skin reactions.
In 1985, the RTOG developed the Acute Radiation Morbidity Scoring Criteria to classify the effects of RT, including skin reactions. It is a scale that stands out due to its extensive use for more than 25 years and for the fact that it is accepted and recommended by the medical and nursing communities. [7] The WHO criteria scale was also chosen, since it is an easy-to-use scale, it has well defined and different descriptions from those in the RTOG scale; however, it does have the same scores (grade 0-4) (Fig. 2) .
The irradiated site was evaluated by evaluator A over 9 weeks on average, being: before the RT, weekly during treatment, and after the end of treatment. After evaluator A evaluated the site and recorded the data in real time, the irradiated area was photographed (ph), using a Canon EOS Rebel: Fabricante: Canon (Tokyo, Japan) T5i 18 to 55 mm camera, with a resolution of 18 MP. The women were evaluated in the same room, with the same environmental conditions and clarity. The photos were taken with a view to record all possible sites for the occurrence of radiodermatitis. First, the patient's chest was photographed, encompassing both breasts. Afterwards, it was requested to raise the arm on the side that was being irradiated homolaterally, to capture the axillary region. Finally, the inframammary region was photographed, regardless of whether the patient had undergone total mastectomy or not. The evaluator stayed the same distance and position throughout all the photographic records. It should be emphasized that several photos were taken of each patient; however, care was dispensed to maintain their confidentiality. The quality of the photos was evaluated, and those that presented better quality, in terms of positioning, clarity, and focus were chosen. Before the photo evaluations, the responsible researcher invited all 8 healthcare professionals (radiotherapists and nurses) from the RT sector to attend a meeting. In this meeting, the researchers presented aspects related to the evaluation and description of radiodermatitis, the scales available in the literature, and discussed cases based on photos of patients with different types of cancer, including BC. Of the 8 professionals, 3 nurses agreed to participate.
The recorded photos were independently evaluated by nurses A, B, and C, whose evaluations will be referred to as Aph, Bph, and Cph, respectively. Nurse Aph is the same one that evaluated the irradiated site in vivo. The 3 professionals did not have different roles and were experienced in the radiotherapy field (years of clinical practice; Aph = 6 years, Bph = 5 years, and Cph = 3 years). Each evaluator completed an instrument that had the RTOG scale and the WHO scale, the evaluation date, and identification number of the evaluator and the patient. The scale with the descriptions of the score was plastified and delivered together with the evaluation instrument, a Universal Serial Bus stick with all the photos recorded, the free and informed consent form plus a term of confidentiality and commitment according to the ethics commitment. The latter 2 were signed, 1 copy being kept by the evaluator and another by the researcher.
Treatment characteristics
Considering the data regarding RT, 95% were treated in the Varian linear accelerator, Clinac 600c model (Varian Medical Systems, EUA) and 5% in the linear accelerator brand Elekta (England, United Kingdom), Precise model. Simple planning was performed in 92% of patients and 8% in three dimensions. The energy of the radiation was 6 MeV in 98% of patients. The total dose to the chest wall was 50.22 (95% confidence interval, CI 50.06-50.38) and 93.8% of the patients undergoing breast conserving therapy received a sequential boost of 5 to 10 Gy. In patients' postmastectomy radiotherapy, the total dose to the chest wall was 50.14 (95% CI 50.07-50.20) and 32.4% of them received a sequential boost of 9 to 16 Gy. The daily dose of 1.8 Gy in 36.9% and 35.1% and 2 Gy in 63.1% and 64.9% in patients undergoing breast conserving therapy and postmastectomy radiotherapy, respectively. Fourteen percent of patients needed to interrupt treatment due to radiodermatitis (the minimum = 7 days and maximum = 17 days). The mean treatment time, defined as the period in days between the start and end date of radiotherapy, including days without treatment and weekends was 36.9 days (95% CI 35.70-37.88).
Statistical analyses
In order to obtain the characterization of the study sample, a descriptive analysis was provided with the means, median, and frequency, according to the type of variable.
To evaluate the agreements and disagreements among the evaluators and their respective CI, we used Krippendorff's alpha ordinal test because there are more than 2 evaluators. The strength of agreement was as follows: <0.00 = poor, 0.00 to 0.20 = slight, 0.21 to 0.40 = fair, 0.41 to 0.60 = moderate, 0.61 to 0.80 = substantial, and 0.81 to 1.00 = nearly perfect. [8] The weighted kappa (K) was used to assess which were the pairwise peer reviewers with best and worst agreements and the respective P values were calculated. In the latter, we evaluated the paired agreements and disagreements, with linear differentiation between inequalities, that is, we considered that the difference between 1 and 2 was similar to the difference between 2 and 3. The value of K strength of agreement was as follows: <0.20 = poor, 0.21 to 0.40 = fair, 0.41 to 0.60 = moderate, 0.61 to 0.80 = good, and 0.81 to 1.00 = very good. [9] The statistical software used was R version 3.2.5 (R Core Team, Vienna, Austria).
It is emphasized that the general concordance analysis was performed according to the cutaneous phototype and the type of surgery to evaluate if such variables could be confounding factors in the irradiated site evaluations. The cutaneous phototype was graded according to the Fitzpatrick classification [10] and divided into 3 categories: type II or III (white or light brown), type IV (moderate brown), and type V or VI (dark brown or black). Regarding the type of surgery, breast conserving surgery and mastectomy were considered.
Results
The clinical and treatment characteristics are given in Table 1 .
The overall absolute agreement between the 4 observers was considered fair or moderate according to both scales with 10 (Table 3) .
It is interesting to note that, in the WHO scale, although the overall absolute agreement is marginally higher for mastectomy compared to conservative surgery, the Krippendorff's alpha shows just a fair agreement, whereas the Krippendorff's alpha shows a substantial agreement for conservative surgery. This can be explained because for most evaluations, Cph slightly disagreed with the 3 other evaluators (1 against 0). Despite this disagreement, Krippendorff's test is able to find a substantial agreement when 3 out of 4 evaluators coincide in their evaluations, and there is only 1 evaluation in slight disagreement.
When assessing the agreement between the evaluators, there was a poor agreement between the Cph and Aph evaluators (k = 0.162) (the RTOG scale) and Cph with Bph (k = 0.197; k = 0.183, the WHO and RTOG, respectively). However, a good agreement (k = 0.761; k = 0.740) between A and Aph was found when using the WHO and RTOG, respectively, and this was statistically significant (P < .001) ( Table 4 ).
Discussion
The results of this prospective study that analyzed 100 BC women during RT support the hypothesis that there will be a very low overall agreement between evaluators. However, a good agreement was verified between A and Aph when using both Table 1 Clinical and treatment characteristics of the study prospective (N = 100).
Characteristics
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Medicine scales. Our study stands out for being the first to consider the application of the scales to evaluate the irradiated skin weekly throughout RT and between 1 and 3 months after the end of treatment, totaling 855 evaluations. A study suggested that the measurements and records of radiodermatitis should be conducted with equal precision and care given to tumor control, as in the internationally agreed systems for tumor staging and for the evaluation of tumor control impeding the tumor progression and providing an improvement in the quality of care and, therefore, in the patients' quality of life. [11] Although there are tools to promote specific criteria for graduating skin toxicity and are widely used, reliability and validation of data are scarce, [2, 5] mainly in studies on inter and intra-observer agreement. [11] Other studies generally evaluate objective methods for assessing the skin, comparing them with subjective measurement tools. [3, 12] The results of our study showed a low overall agreement between the evaluators when using both scales. One study found results different from ours showing a general agreement of 79% (WHO) and 68% (RTOG) among the independent evaluators, with K adjusted from 0.64 (0.43-0.84, 99% CI) and 0.53 (0.32-0.72, 99% CI), respectively. [13] Another study [14] identified a greater agreement among radiotherapy technicians when compared to radiotherapist oncologists (W [Kendall's coefficient] = 0.6866, time 1 and 0.6981 time 2, vs. 0.6517). However, the first study included only evaluations performed at 1 time and by 2 evaluators, and the second, although it included 29 evaluators, only 9 patients were evaluated at 3 different times.
Another aspect refers to the general agreement considering the cutaneous phototype and the type of surgery. Low overall agreement was observed in the evaluations of patients with cutaneous phototype VI (dark brown or black) when compared to the other phototypes and in the evaluations of patients who underwent mastectomy when compared to those who underwent conservative surgery, using the RTOG scale, with statistically significant difference. Also comparing the RTOG scale with WHO, overall agreement was greater using the WHO scale, suggesting that the cutaneous phototype and the type of surgery may make it difficult to evaluate the RTOG scale, and this scale is more sensitive to these variables compared to the WHO scale. Finally, it must be pointed out that no study analyzing the agreement between scales, considering cutaneous phototype and type of surgery, was found in the literature.
In our study, we also found poor agreement between Cph with Aph (using the RTOG scale) and with Bph (both with the RTOG scale and the WHO scale). The discrepancy in the assessments performed between Cph with Aph and Bph can be attributed to schooling and time of professional experience, as seen in the study [13] that identified a high inter-observer reliability of experienced radiotherapist technicians when compared to other professionals.
Another important result of the present study was the presence of a good agreement between the in vivo records (A) and the photographic records (Aph) for both scales, indicating the usefulness of the photographic records. The photographic record of acute radiodermatitis, whose reliability through test-retesting was identified, [15] is important regarding the likelihood of late lesion development and also because it provides better local control of this adverse event. In addition, records of the degree and time of onset radiodermatitis allow us to compare multicenter studies and/or different treatment protocols where there is a difficulty of screening observers for the type of care applied. [11, 16] Given the results of the present study, and in order to improve the agreement among the evaluators and trying to provide a greater precision in the use of the scale, our group constructed an illustrative RTOG scale (Fig. 3) , considering Fitzpatrick classification. [10] It was based on Fitzpatrick classification, since they identified in practice, a difference in the presence of the degree of radiodermatitis according to the type of skin. Our perspective is to validate the illustrative scale constructed by our group aiming to use the scale in clinical practice. We chose the RTOG scale since it was the scale that had a greater proportion of severe radiodermatitis as well as having encompassed its different degrees. In addition, this scale correlated more strongly with changes in cutaneous blood flow when compared to WHO [3] and presented a lower overall agreement in the present study.
Among the strengths of our study are the number of photos evaluated (855 photos), and the fact that the patients were evaluated throughout RT, thus providing the records of all possible degrees of radiodermatitis. In addition, the application of 2 scales that are easy to be used in clinical practice stands out. One limitation of our study was the fact that the evaluations were carried out only by 3 professionals. Another point is the inhomogeneity of the sample, which has been mitigated with the investigation of the influence of skin phototype and type of surgery in the overall agreement analysis.
Conclusion
The RTOG and WHO scales should be used with caution in the clinical practice to identify the prevalence and severity of radiodermatitis, particularly when the evaluation is made by inexperienced professionals. Another point of caution is that darker skins and the occurrence of mastectomy could make the analysis more difficult. An illustrative scale was designed by our group aiming to improve accuracy and agreement between evaluators and it will be validated in subsequent clinical studies. Besides that, the scale proposed could help in the training of inexperienced personnel and could allow for later evaluations once experience has been acquired, since the scale includes the skin phototypes.
Author contributions
All authors made substantial contributions to all of the following: the conception and design of the study, or acquisition of data, or analysis and interpretation of data; drafting the article or revising it critically for important intellectual content; and final approval of the version to be submitted. 
